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Introduction
Light steel sections and prefabricated panels are widely used in non-load-bearing walls, with direct application to timber, concrete and steel framed buildings. There is a wide range of application buildings, such as multi storey offices, educational buildings, health buildings, residential buildings and other type of public buildings. The fire protection is usually provided by one or more layers of fire protection materials. Members which meet fire resistance standards are the result of the proper combination of certain materials and members. The thin steel sections must be covered with a sheathing to prevent them from being damaged by fire. Gypsum plates and rockwool insulation have been approved as fire protection materials and can be combined with steel to build fire resistance walls.
To prevent fire propagation into adjacent compartments, partition walls must meet the requirements for fire resistance, preventing the propagation of fire (integrity -E) and limiting the temperature of the unexposed surface (insulation -I) in the fire compartment. The fire resistance (insulation criterion) of this construction element depends on the temperature evolution in the unexposed surface. The performance of the building products is regulated by the European standard EN13501-2 (CEN, 2009), which specifies the fire classification of construction products and building elements, using data from fire resistance test. The European standard used to determine experimentally the fire resistance for non-loadbearing elements -Part 1 is dedicated to non-loadbearing walls (CEN, 2015) . These tests are usually expensive and numerical methods can be used to estimate this fire resistance, in particular the insulation-I criterion.
The installation of an insulation material eventually reduces heat convection, radiation and conduction in the internal cavity. This material protection may also be important to increase the integrity-E performance criterion, due to the common failure of the panel exposed to fire. If the insulation material is not required to achieve the insulation-I performance criteria, is normally required to increase the acoustic efficiency.
Each component of the non-loadbearing, such as the panels, the insulation, the lightweight steel structure and its location determines the category of the whole member's fire resistance category. The spacing of plates, the thickness and the number of coating layers, the 
Non-load bearing walls
The non-loadbearing walls under analysis are made of a light steel frame structure (studs and tracks) separated by 190 mm each stud. Two different layers of gypsum with 12.5 mm thickness each and rockwool insulation material protect this light steel frame. 
Material properties
The thermal properties are decisive to simulate the performance of the non-loadbearing wall. The thermal properties are temperature dependent for all the materials involved.
Steel presents typical evolution for the specific heat ( ps C ) with a maximum value that account to the allotropic transformation, thermal conductivity ( s  ) and specific mass ( s  ), see Figure 2 , (CEN, 2005) . The thermal properties of Gypsum X type considered in this investigation were determined by experiments (Sultan, 1996) , using Differential Scanning Calorimeter (DSC) for the specific heat ( pg C ), Thermal Conductivity Meter for conductivity ( g  ) and a vacuum conditioning chamber for the specific mass ( g  ), see Figure 2 . The thermal properties of the Rockwool depends on the fabrication process. During the production process, the fibres are pressed to achieve different densities, being the heaviest ones produced as boards and the lightest as mats. The specific mass of this material ( i  ) was considered equal to 120 kg/m³, being the specific heat ( pi C ) and thermal conductivity ( i  ) temperature dependent, see 
Numerical model
The finite element model was used to define part of the cross section of the non-loadbearing wall. The model uses PLANE 55 finite element, which has a 2-D thermal conduction capability.
The element has four nodes with a single degree of freedom (temperature at each node). This element has linear interpolating functions and uses four points to developed full integration gauss method over quadrilaterals. The mesh was defined based on a convergence test. The solution used an incremental and iterative method to solve the nonlinear transient thermal problem. The convergence was based on the calculation of the internal heat flow, with a minimum reference value of 1E-6 and a tolerance value of 0.001. The time step was define to be 60 s with a minimum of 5 s to achieve convergence. The temperature field analysis is of great importance for the selection of the effective width ( e W ) to be considered in the one-dimensional heat transfer analysis.
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Simple calculation model
The simple calculation model is based on one-dimensional analysis, considering the finite difference method and the lumped thermal method.
This model uses 14 layers or regions with width equal to the effective width ( e W ) and 14 nodes to define temperature in the cross section that includes the steel stud, see Figure 4 . The geometry (thickness equals TG/4) and material properties of layers 2,3,4,11,12,13 are similar.
Layer 1 and 14 have similar geometry and material properties (thickness equals TG/8). Layer 5 and 10 are similar and have mixed materials (gypsum, rockwool and steel). Layer 6 and 9 have similar geometry and material and layers 7 and 8 also.
This model was submitted to fire in one side (convection and radiation boundary conditions) and to room temperature in the unexposed side (convection boundary condition). The flow pattern is also depicted in Figure 4 , representing the heat resistance possibility to heat conduction through the cross section. should be evaluated at the average temperature of the nodes involved, while the density G  and the specific heat G Cp should be evaluated at the temperature level of the corresponding layer (Shahbazian, A., & Wang, Y. C, 2013) . The time step was define to be 1 s and validate the stability criterion (Sultan, M. A., 1996) .
Comparison of results
The fire resistance of the non-loadbearing wall depends on the calculation of the unexposed temperature of the wall. This temperature is not uniform and depends on the quantity of steel included in this type of non-loadbearing wall. The performance criteria used for this construction element accounts for the calculation of the average temperature 
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The fire resistance is compared in 
Conclusions
The fire performance of non-loadbearing LSF wall was determined by two different solution methods with good agreement. Comparison was developed for two different cases (case 1C with one gypsum panel and case 1D with two gypsum panels). The fire resistance increased 120%
with the increase of 100% the value of the thickness of the panel.
The numerical simulation of the two-dimensional cross section allows the temperature calculation in all materials in general and the assessment of the unexposed surface temperature in particular. This method requires the definition of geometric model and meshing procedures, which may be time consuming.
The one-dimensional method is an approaching solution that considers uniform temperature in each layer and one-dimensional flow pattern through the thickness of the wall, involving all the materials crossed by the heat flow. This method requires the definition of the dimensions for the steel stud and mainly the effective width of the model used to consider the flow pattern. This method can be used at a preliminary design stage, is easy to be used and avoid cost effective experimental tests. The effective width of the model should be well predicted to achieve good results in comparison to the numerical simulation results.
This research takes part of an extended experimental investigation, used to determine the behaviour of LSF walls, in particular the fire resistance of new composite materials and also to validate different numerical models (solid and fluid thermal analysis).
